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(54) PHASE FREQUENCY COMPARATOR 

(57)Abstract: 

PURPOSE: To provide a circuit easy to use in an integrated 
circuit comprised of a GaAsMESFET and to reduce the high 
frequency component of output by constituting the circuit 
of first and second phase comparison parts, a conversion 
part, and a registration part, and using a pair of latches and 
a pair of multiplexers in the phase comparison parts. 
CONSTITUTION: Voltage controlled oscillator output VCO, 
VCO* are inputted to the latches 11, 12, and data signals D, 
D* to the control terminals of the latches 11, 12. The signal 
D is also inputted to the control terminal of a MUX 13. The 
MUX 13 outputs phase comparison output PD, PD* (QPD, 
QPD*) to the conversion parts 30, 60. The conversion parts 
30, 60 output signals TR, TR*. The signal TR is a pulse 
synchronized with the output PD and the signal TR* is the 
one synchronized with the output PD* when it is fvco<fD, 
and signals TR+* and TR-* go to H. The signal TR+* is a 
pulse synchronized with the output PD* and the signal TR- 
* is the one synchronized with the output PD when it is 
fvco>fD, and signals TR+, TR- go to H. The registration part 
20 outputs output signals Q, Q* on which a DC bias voltage Vo is added by receiving the output 
signals TR+, TR+*, TR- TR-*, and signals PD, PDP. 
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o* ld^M!IBHR»<offl?ilK«r{B*tfiL, D , D* 

[0010] fiffiJtKSPioii:. *E$iJfflll®tltti^vc 

0, VCO* (fflaafefvco ) fcitA'T-'-^fl^-D. D 

f^ffl^'90^^7bStL/2VCO. vco* Sr^ttS, i 
fiffli-b^SPlO. 40l±MiSSt I f vco -I'd I Wt- 

[0011]I2(1 Hltc^L^IIlSS^v^TfifflJt 

t . imxmttifz^immttmmmzaif^m^ 

BBifiTvv^vi^ifflffljasaiilot: titties 
[ o o l 2 ] H2 (a) i/^ti d t, -rwffifflJtJRSWi 

l>Pf<7)5-y^ll. UtSi^/U^TU^V-l^zX K>mj& 
«fflW«WHB»aj*vco, VCO* (VCO 

90 , vco 9) « ) {±5-7^11. i2<0A*fc»«3#rei3 

1 , \2<D\titl\±mz-?)V^TV7 ^13COXtl § tl 
Xi5 0 - Z&V)]^y'U7W3<nitififfWStiM}iil]P 
D s PD* (QPD, QPD* ) tW„ 

[0013] JJUicoJ: 3 fcfll)«S*i*:ffiffllfc«aiIfcA* 
Six&VCO (VCO* ) fciVD (D* ) (4H2(b) 
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dwu pd £*)i>ffiBimmaLA,tz. mmm. (f D -f 

(2) f„ co #f„ £K)i>^^t% ; PDHUBSR ( f 
vco -f D ) QPDt4. PDi 

(3) fvco kf„ k##L< . VCOi/A^DJ; 9 *>fi£ 
mtmtlX^hbn ; PDIi "H" QPD<4 

"H" l^C/Hsfr*. 

(4) fvco kf D btfWL<, Do^vcoiHfi 
fflOTfth.T^«fc* ; PD(i "L" K;W=. QPD|± 

"H" K;Hc=5rSo 

[OO15]03t4. Hlfc3SLfc0»fctiV^T3Bfta! 
30£ ^rii60i: LTffifflTc? £ Eli&^^«j£i5 

[ 0 0 1 6 ] raH(c*rr± a SaHSWi, lM^O^-y 

f-31, 32k l>tf<DNAND33, 34 k fci "9fl}j£-$-& £ i: 
lit, #5>.yf-31, 32^AA«4, fifflJt 
1x3510, 40COffi^T^-SPD N PD* . QPD, QPD 

* $ fLT V * 4 o 4 , # 5 y f-31 . 32cD$iJ»iffirf 
fcti, ^Jt)«a510<?5ffl*TJ5*PD4fcliPD* #'A 
^SttTV^o Etc. 9-/A31</0tiJ;}j{4, PD* kft£ 
NANDBCTJjSft*. ttz. 5'!/f-32<7)iiJAJ4PD 
k^NAND34tCA^§tl.-l)o NAND33. 34CO£ti;tj 
**iC7>SmaJOtti*TR + , TR, * k&S, 
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[0 0 19] (1) fvco **f d iDM^^k^ ; TR 
+ J4PDk. TR. J4PD* tZtl^fimmLtzt^VX 
T"£> l 9, TR, 'iiMTR. * J4, "H" K/Kc%- 

(2) f vco 36* f D ^OtA^V^k* ; TR, * t4PD* 

f4. TR- * tePVtZix^imML&VVXTfo*). 

TR, , TR- J2 "H" l/^;H:iS, 

(3) fvco kf D k*^L<, VCOO^DlO&fii 



fflj&WfCV^Sfc* ; (fvco <f D o*gn*»6f ¥C o 

= f D tjfi-AVi k & ) TR, , TR, * fcitfTR. 
* {44±M "H" KMC^O. TR. {4 "L"U<MZ 

(4) fvco kf D k#^L<, DiO^VCOiOfefi 
ffl*^Sh.T^4fc* ; (fvco >f D <7)^Ss*^fvco 

= f D tjfi'JMJtkS) TR, . TR, * jSiVTR. 
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fc^H+HtfX, YTtt. gf&fMH&l* 23«KteA^li4 
J9f5£«*H«EEV ref fciSIfcSWTU*. MS? 
ifflf»21fc i ?A23cO#K<f£AAi4 , ^«SP30<7)tB^ T R 
, . TR, * ££t4^J&SB60C9tfJATR- . TR. * £ 

JEte, M»iM1iS§5220A*(4. firfflJt«8IS 
lOcoffiMW^rai^PD 4 , PD£gW~C^S. -A. H 

»iiiiiti22cossKtii^j{4. mmmmwzw)UM^bm 

^Km^kjpsstLJtfi. s^nifj±Meti2i^^Ris 
ati^kjnff§ni>. i^io^mesfc^-egpx. y 



Q. Q* tc«4. HAW 7XiEV 0 **sefcHdtS#iT 

[0022] m±coi ^ ts(ti«s*iJtai3r&*>*S5^aj 

AQ. Q* (4. MSISfvco kJHiftiStf D fc<0BK*ti 
K>mt~t&« m 5 (4. JliSiCfvco kM«i^f D k^l! 

[00 23] git, #^SW;feJtS#*KS21, 22, 
23«tH^K;l-Sr^„ 
[0024] 
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I7U -y7°7U-y7°tCA7J$;?XSVCO ( VCO* ) i3 
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DFFil DFFJ; 1 ) fctSPffl36«90iSQftt/S, JSi£» ( f 
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DFFi>) t,ffifflj&*9ojsGWut . mm.m a vco - 

f CK ) wwxtiS. 
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V\ tifflJtKSBlO.. 40c?)ai7JPD. PD* . QPD, Q 

F. D F F* . QD F F , QDFF* ^fflV^ifctCj: 
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ROWS j6«» JaTWHSHi^SfiWfO-SlitMfcaiST, 

[0034] 

[00 3 5] RHfcSVT «t 3 t. i«@S&«#ATjS 
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(4. FETQ 15 , QisZ&tsWfimZy—hltZm&Zft 
tFETQ 1(> Q H ^FETQ lls Q 21 Mt, FETQ 

Qio. Q !3 * S FETQ 1! , QjgWfc^-eih.iatSfLT 

[00 37] jet, FETQ 15> Q 25 2r#tf«MB^{4 
FETQ n , Q 27 cO^-h*\ FETQ 16 , 02 6*^0 

«aa»t=iiF etq! „ . Q„oy-hm«iaas 

itTV^S. FETQ 17 feJ:t/'Q 27 c7)— ffi{SFETQ 33 c7) 
y-NC, FETQ 18 i3j;t^Qi 8 <7)— SJFETQ 34 ^) 

{4. FETQ 33 , Q34 1 X/KiVis? h¥J HSi:^ 
± FETQ 19 <oy— hi:Q 29 oy- 

[0 0 38] -f— ^ft-f-D (7)^(4. v;l/-?-7°U^-t7- 
OMfWfi-^t LTFETQ 20 , Q 30 O->-*— hti>EpjD$ 
tLTV^. 47^. FETMQ19-Q20. Q31-Q32. Q 
29 " " Q3 0 i> J-^ 1 P E T Qj 5 s Qi6- Q25. Q26. Q33. 

Q 34 <4. -eir-?tLFETQ 36 — Q i3 tzi: 'omm.^n.fzM 
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Qj 



s 1 



tT F E T Qi 6 - Q 26 , Q 15 -Q 25 «OM*i*»— *sWH3 
-TS. St. FETQ 16 -Q 26 . Qi 5 -Q 26 C7)M^A 



TJ^a-TSh. FETQ 13 -Q 18 -'Q 23 - Q 28 , Q 14 
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- Qi v - Q24 - Q27 <7>ffitLfr—-J3i> s mM-i-& . H H T\ 

#FET^Q 13 -Q 14 , Qu-Qiss Qn-QntFE 

T*tQ n -Q 12 , q 23 -q 24 , q 27 -q 28 tlif-^m 

^D, D* tyfitTK— «t^f3»fc:**^)T. FETQ 
;7jVCO, VCO* (4, f-^fi^-D. D* t i 0 5 7 
SoI^t^PD, PD* t;{4fflfflW!3:fifflJt«ffi* 
[0040] HLU4, HlO^^LfcDM^y 777n7 

[004 1] |5]|llt^:-r i -5 (c, iwHUfHi. SvHcIsI 
t A£ J; t/HlSS B CO 2 fm$L k 5r -5 T & "9 , 

IiI»Ac7)A^it±«ffiMffli56ffiSm^vco. vco 
* &, HIS&B<50A^l(illll?&A(?Dtt}Sj&-eiim®tTf> 
S. 0iSA (B) <3A2J*fi, A*fi#*y-htStt 

& lM»FETQ n -Q 12 (Q 21 -Q 22 ) fc, 
it^-CK, CK* £y-McStf£#l*f<?>FETQ 19 

-Q20 (Q29-Q30) J-fciOHIiKSfrci^*. f 

ETMQi 9 -Q 20 (Q 29 -Q 3 o) fclt^FETQ 15 , Q 
i6 (Q25. Qae) li^mFETQ 35 -Q 3 , (Q 39 ~~ 

q 4 i) tzx.*)im%ivfcmmM*m.x^&. 

[0042] Ht. FETQ 15 (Q 25 ) £-£tr«S[gfrfc: 
fiFETQi, (Q 24 ) Of-h**, FETQ 16 ( Q 26 ) 
Sr#tf«SEff&«iFETQ 13 (Q 23 ) W-h&*tl* 

tLWM%ivz\'*& . £tz. fetq 14 (q 24 ) to— mt 

FETQn (Q 21 ) <7)-S£, FETQ 13 (Q 18 ) -SB 
(4FETQ 12 (Q 22 ) CO—^Z^tL^timM^tiX V > 
■5. fEoT, WitfFETQn (Q 21 ) WBWikF 
E TQ16 (Q 26 ) #*#3IU ^c?)!;SFETQ 

is (Q13) t>m$&t&<n"C. 0B&A (B) 

ffiffl &Mrifi:fcj&9&£-$-5 . ft. ^COHffiA (B) CDliitl 

mt. ^*-KB*^LTFETQ 16 (Q„) , Q 16 

(Q 26 ) O^fcSBKSiVC^S. 

[0043] iiUt^J: 0 fc«j£3*ifc@BI4. *SW=Sr 

Di7 y •vyyn-;7°X'fo K> , ^»tg(4Hio£#BgL 

[0044] 07(401 t^t^HIBSCiSftS^aBO 

[0045] (Bj, H3t:fc3SLfcJ:ac 'coHIS&ii. 
fifflit^gPlO^tH^PD. PD* tioT, ttffiJt«gB 

40c?)t±i73QPD s QPD* £ 7 >y 1 -/f-HI 
S&i:, &y v j-£DltilJ k P D , PD* tWNAND^i 
SNANDy-bti^K^T^I). #-?T, H6 
tifclW-ft t . T-^ft^D, D* {cffcboTflEfflJfcllS 
asiO^tii^PD, PD* SrSft, «ffiWflf?S»&aJ:*JV 

co. vco* izRh-oxiimmmocota^jQPD^ 



QPD* SrSftT^!..! £ £I%^-Cf4, yy^m^com 
mmMTfc&» H3<0NAND|l|J»tCffl3i- 
3, 2M«FETQ 51 -Q 52 , Q 53 -Q 54 fc Jfcfjffifc t= 

[0046]fift, #FETMQ 6 i-Q 62 . Q53-Q54 

{4, ttv+mvtoftji&y—hiiz&i-}* ammmio 

<?3til7iP D „ PD* CiiJMKWCflSIIC^ftiiofc: 

ffiJ&SftT^So ^-?T, FET*fQ 51 -Q 52 , Q 53 - 
Q 54 (7)ft}**^{4. IV^fcfflaBMEHfifTR. TR 

[0047] maimte^h^mcommttni&mzTjk 

[ 0 0 4 8 ] H0t=jjr$-J: o C itfDE»»i, IS* 
OFETQ 6 i~Q 66 (cJ: 9»j£3*ut3ooilffll«ifi§& 
21, 22, 23t, FETQ S7 — Qgg^j; O-fil-e'tlWlS^ 
n^«^iSg|581 1 *ft-P*L# s Wj£$ftfc 1 

[0049] ^-Wififc^itgpx, YfclfcV^ , HKj 
fiHS22«— ^tiJ7J«4, I^K)iifM^21feJ;rj'23«#— 
^tH^tfe^^XTfeO, #HD*S(iS21, 22 , 23« 

§121, 22, 23ttFETQa 7 — QMtiS^WWlK-Wl. 

C §^>t, fflKR\ R 0 ', ^^-KRDo'feiV 

FETQ 0 'tCj;i9*fi!c§ *lfc3BBi«BE»*aiI G & ftjlt 

[00 50] JiLhOJ: 3 tcfl|«Snfe»b-&*>^«fcti 
^T, *ti«fe^*>*fl|fXKtiV^TIis M«)±MIStl22« 

l*f^A7Jt"*.l»FETQ 64 , Q 63 <30#y-b(C{i:, fi 
ffiJrb^lOc^tii^il-^PD, PD* 5&*EPJU£*I.S. * 

fc, s»m«^2icoF ETQ 61 «y- hti it/ni&mii 

R + , TR, * ifi^tl^'timuZtlh » SC, UMliilfi 
F E T Q 6 2 i Wf|ISliS*iS23£0 F E T Q 6 B <50^" 

[00 5 1 ] -2r, #{S*ia^-*>-ltfl|5YfctJV^Tl4. H 
HWH3S22<0 1 fte&jJVh* F ETQ 64 , Q 63 <7)#y 
-h«4, {4fflJ:bKgP10cOffi73fi-tPD, PD* ^'Epjp 

4/2, ISStiiSBS21<OFETQ8iWy— hiJJ: 

t^MS»18iBS5S23C0 F E T Q 6 6 Of- h KtiSaftSfcOOtf! 
JTR_ , TR_ * A^ix-fixEPJDSilSo MtC UK) 
iMtSfl210 FETQ 62 fcJ; tfHUHafiS23C0 F ETQ 65 

[00 52] lil±(7)J: 3 tfll^Sn3t[l|»r(4. ft^P 
D, PD* t5£X/m^TR t , TR, * cOfth, fl^P 
D, PD* itA'H-f-TR. , TR. * tOfD^tCMS 
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[0053] jSL M7 to xifm 8 izTjk-tm^mmvK 

[00 54] 
[sU ] 

Q 0 ' = n Q 0 „ 

D 0 ' = nD o - 

Ri '= ( 1/n) Ri 

[00 5 5] 

[it2] R 0 ' ■ I 0 '=Ro ■ lo+R-o Ii/2 
[00 56] 

IBfc^-r-y ! iK>'r|lIB* 4 eaff:U i Sr^. ft->t, Wfc 
f-^r — ^^rSrfflfigLISV^GaAsME S F E TftSUB 

[ 0 0 5 7 ] JEfc, #&BJi£«5fifflJi^I:bBSl;:i5 

wca,. immm^nmwmBV&n-i&niz&^x tr- 

[El ] *^t:«$fifflJf^JtSSIllK<0«*W4 



[02 ] 01 ^Lfc|l|»(£fiV^Tfiffiil«»1043t(i 

40 1 1 x ffiffl -c s & in s&nffif&m a x xmrt £ mm-t & 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A phase frequency comparator circuit comprising: 

The 1 st phase-comparison part that receives a data signal on the basis of a predetermined 
reference signal and a predetermined clock signal of frequency which a voltage controlled 
oscillator generates. 

A phase converter which shifts a phase of this reference signal 90 degrees. 

The 2nd phase-comparison part that receives an output and this data signal of this phase 

converter. 

this ~ those sums are outputted in response to one pair of converters of a non-inverter and an 
opposite phase which change a phase-comparison output of the 1st and 2nd phase-comparison 
parts into a frequency comparison output, and a phase-comparison output of this phase- 
comparison part and a frequency comparison output of this converter ~ pile up — a part. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to a phase frequency comparator circuit. This 
invention relates to the composition of the new phase frequency comparator circuit which can be 
formed as a GaAsMESFET integrated circuit more at details. 
[0002] 

[Description of the Prior Art] Drawing 9 is a figure showing the typical composition of the 
conventional phase frequency comparator circuit. 

[0003] As shown in the figure, this phase frequency comparator circuit is constituted by three J-K 
flips-flop 91, 92, and 93. 

J terminal input. "OR" They are a Q 2 terminal and a Q 3 terminal by the standup of the taken 
pulse. "1" It carries out and they are a Qi terminal and a Q 2 terminal at OR of K terminal 
input. "0" It has composition to carry out. 

[0004] 

[Problem(s) to be Solved by the Invention]When the above conventional phase frequency 
comparator circuits are used, in order to constitute a clock data reproduction circuit, for example, 
the circuit which extracts a clock component from an NRZ-data sequence is needed. It is 
necessary to input a phase frequency comparison output into a loop filter via a charge pump 
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circuit. However, it is known that it is difficult to constitute a charge pump circuit from an 

integrated circuit by GaAsMESFET which has expanded use in recent years. 

[0005]Then, this invention solves the problem of the above-mentioned conventional technology, 

and sets it as the purpose to provide the new phase frequency comparator circuit which can be 

effectively used also in the integrated circuit by GaAsMESFET. 

[0006] 

[Means for Solving the ProblemJThe 1st phase-comparison part that will receive a data signal on 
the basis of a predetermined reference signal and a predetermined clock signal of frequency 
which a voltage controlled oscillator generates if this invention is followed, A phase converter 
which shifts a phase of this reference signal 90 degrees, and the 2nd phase-comparison part that 
receives an output and this data signal of this phase converter, this — with one pair of converters 
of a non-inverter and an opposite phase which change a phase-comparison output of the 1st and 
2nd phase-comparison parts into a frequency comparison output. A phase frequency comparator 
circuit provided with a superposition part which outputs those sums in response to a phase- 
comparison output of this phase-comparison part and a frequency comparison output of this 1 
pair converter is provided. 
[0007] 

[Function]The phase frequency comparator circuit concerning this invention has the main 
features in being easy to use and being especially, constituted in a GaAsMESFET integrated 
circuit, and that there are few high frequency components contained in the output. 
[0008] Drawin g 1 i s a figure showing the fundamental composition of the phase frequency 
comparator circuit concerning this invention. 

[0009]it is shown in the figure — as — this circuit ~ the 1st phase-comparison part 10 — pile up ~ 
it mainly comprises the converters 30 and 60 of 20 or 1 pair of part, the 2nd phase-comparison 
part 40, and the 90-degree phase converter 50. VCO and VCO inputted into this circuit in a 
figure expresses the complementary output of a voltage controlled oscillator, and D and D 
expresses the complementary input data signal. While carrying out phase simulation, frequency 
fvco[ofvcoandvco ] and reference clock frequency f D of a data signal are in agreement. 
[0010]The phase-comparison part 10 receives voltage controlled oscillator output VCO, VCO 
(frequency fvco) and data signal D, and D (data rate f D ) as it is. The phase-comparison part 40 
receives VCO and VCO to which the phase shift was shifted 90 degrees by the phase converter 
50 with data signal D and D . Here, when frequency f V co and frequency f D are not in agreement, 
the phase-comparison parts 10 and 40 generate the beat signal of frequency |fvco-fD|. When both 
are in agreement, the output corresponding to a phase shift occurs. 

[001 l] Drawing 2 is a figure for explaining the example of composition of a circuit and operation 
which can be used as the phase-comparison part 10 or 40 in the circuit shown in drawing 1 . The 
numerals as used in the following explanation by which the numerals enclosed in the parenthesis 
are not surrounded in the signal in the phase-comparison part 40 mean the signal in the phase- 
comparison part 10, respectively. 

[00 12] As shown in drawing 2 (a), one pair of latches 1 1 and 12 and the multiplexer 13 can 
constitute this phase-comparison part. Voltage controlled oscillator output VCO and VCO 
(VC0 9 o, VCO90 ) is connected to the latches' 1 1 and 12 input, and data signal D and D is 
inputted into the latches' 1 1 and 12 control terminal. Here, data signal D is inputted also into the 
control terminal of the multiplexer 13. Both each latches' 1 1 and 12 outputs are connected to the 
input of the multiplexer 13, and the output of this multiplexer 13 becomes phase-comparison 
output PD and PD* (QPD, QPD*). 
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[0013]VCO (VCO ) and D (D ) which are inputted into the phase-comparison part constituted as 
mentioned above have a relation as shown in drawing 2 (b). Therefore, the output of a phase- 
comparison part changes as follows according to the relation between VCO frequency fvco and 
frequency fo of D. 

[0014](1) When f V co is smaller than f D D is a pulse of frequency (fo-fvco). ;P QPD is the pulse 
of frequency (fo-fvco) which the phase followed 90 degrees rather than PD. 

(2) When f V co is larger than f D D is a pulse of frequency (fvco-fo). ;P QPD is the pulse of 
frequency (fvco-fo) which was behind [ PD ] in the phase 90 degrees. 

(3) When f V co and fo are equal and the phase is behind D in the direction of VCO To "H" level, 
as for D, QPD is "H". It is set to a level. ;P 

(4) When f V co and fo are equal and the phase is behind VCO in the direction of D To an "L" 
level, as for D, QPD is "H". It is set to a level. ;P 

[00 1 5 "| Drawing 3 is a figure for explaining the basic constitution of a circuit and operation which 
can be used as the converter 30 or 60 in the circuit shown in drawing 1 . 
This figure shows the thing equivalent to the converter 30. 

[0016]As shown in the figure, one pair of latches 31 and 32 and one pair of NANDs 33 and 34 
can constitute a converter. Here, PD and PD , QPD, and QPD is inputted. [ which are the 
outputs of the phase-comparison parts 10 and 40 at each latches' 31 and 32 input ] PD or PD 
which is an output of the phase-comparison part 10 is inputted into each latches' 31 and 32 
control terminal. The latch's 31 output is inputted into NAND33 with PD . The latch's 32 output 
is inputted into NAND34 with PD. The output of NANDs 33 and 34 becomes output TR+ of this 
converter, and TR+ . 

[00 17] Although the converter 60 has the same composition fundamentally, it outputs TR_ and 
TR_ in response to each signal of PD, PD , QPD, and QPD . 

[0018]The output of the converters 30 and 60 constituted as mentioned above changes as follows 
according to the relation between frequency fvco of voltage controlled oscillator output VCO, 
and frequency f D of data signal D. 

[0019](1) fvco is the pulse which synchronized with PD , respectively, when smaller than fo, 
and;TR+ are [ PD and TR_ ] TR+ and TR_ , and "H". It is set to a level. 

(2) In PD , fvco of;TR+ is the pulse to which TR_ synchronized with PD, respectively, when 
larger than f D . 

TR+ and TR_ . "H" It is set to a level. 

(3) ;(when fvco = fo is approached from state of fvco < fo) TR+ when f V co and fo are equal and the 
phase is behind D in the direction of VCO, Both TR+ and TR_ are. "H" It is set to a level and 
TR.is set to "L" level. 

(4) ;(when fvco = fo is approached from state of fvco > fo) TR+ when f V co and f D are equal and the 
phase is behind VCO in the direction of D, Both TR+ and TR_ are. "H" It is set to a level and TR 
_ is set to "L" level. 

[0020~| Drawing 4 is a figure for explaining the composition and operation of a circuit which 
make repeat mutually in the circuit shown in drawing 1 , and can be used as the part 20. 
[0021] As shown in the figure, this circuit is constituted combining one pair of unit superposition 
parts X and Y constituted by the three differential amplifiers 21, 22, and 23 which have one pair 
of complementary inputs and outputs respectively. That is, in each unit superposition parts X and 
Y, the inversion input of the differential amplifiers 21 and 23 has received predetermined 
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reference voltage V re f in common. The noninverting input of the differential amplifiers 21 and 23 
has received output TR+ of the converter 30, TR+ or output TR _ of the converter 60, and TR _ . 
The input of the differential amplifier 22 has received complementary output PD of the phase- 
comparison part 10, and PD. On the other hand, after the inverted output of the differential 
amplifier 22 is added with the inverted output of the differential amplifier 21, it is added with the 
noninverting output of the differential amplifier 23. After the noninverting output of the 
differential amplifier 22 is added with the inverted output of the differential amplifier 23, it is 
added with the noninverting output of the differential amplifier 21 . The output of such unit 
superposition parts X and Y is added still more nearly mutually, and is outputted as the output Q 
of this superposition part, and Q . Actually, DC-bias-voltage Vo is further added to each output Q 
and Q , and is outputted to them. 

* 

[0022]It was constituted as mentioned above, and piles up and the output Q of a part and Q 
change with the relation between frequency fvco and frequency fo. Drawing 5 is a figure 
showing the output Q of this circuit and Q which change with the relation between frequency 
fvco and frequency fo. 

[0023]The output level of each amplifiers 21, 22, and 23 in each state is shown in Table 1. 

[0024] 

[Table 1] 





"H" VOV 


"L" VOV 


iti@&21, 23 


2V„ 


- V,, 
-2V„ 



[0025]When smaller than f D (shown in drawin g 5 (a)), f V co (1) ;Q=Vo-V 0 f, Q =Vo+V 0 f (2) 
fvco;Q=Vo+V 0 f when larger than f D (shown in drawing 5 (a)), When Q =V 0 - [ V 0 f] (3) fvco and 

fD are equal and the phase is behind D in the direction of VCO; (when fVCO=fD is approached from the state 
of fVCCKfD) Q=V0-Vof shown in drawing 5 (c\ and Q =V0+Vof (4) fVCO and fD are equal, ;(when 
fVCOfD is approached from state of fVCOfD, shown in drawing 5 (d)) Q=V0+Vof, and Q =V0-Vof when 
the phase is behind VCO in the direction of D [0026]The phase frequency comparator circuit concerning this 
invention constituted as mentioned above can generate the control signal for performing phase simulation 
control whose phase and frequency of a voltage controlled oscillator correspond by adding a loop filter 
immediately after that. 

[0027] An expected function can be realized in this method, without adding the circuit for extracting a clock 
component from a data signal, a charge pump circuit, etc. Therefore, constituting a charge pump circuit can use 
it also in a difficult GaAsMESFET integrated circuit. 

[0028]In the composition of this phase frequency comparator, no high frequency component which originates 
in a beat signal etc. in the frequency level-luffing-motion process from an asynchronous time is outputted so 
that drawing 5 may also show. Therefore, there is no possibility that malfunction of the phase shift 
synchronous loop resulting from the high frequency component of an output signal may arise. As shown in 
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drawing 5 (c). this phase frequency comparator circuit has an ideal output wave, and the design of the phase- 
locked loop linked to this is easy. 

[0029]If one mode of this invention is followed, in the phase frequency comparator circuit shown in drawing 
1, a D type flip-flop can also constitute the phase-comparison parts 10 and 40. Drawing 10 is a figure for 
explaining the function of the phase-comparison part constituted using a D type flip-flop. 
[0030JAs shown in drawing 10 (a), to a D type flip-flop, output VCO of a voltage controlled oscillator and 
VCO are inputted into data input, and the reference clock signal of data is inputted into the control input of a 
D type flip-flop. Here, VCO (V CO ) and clock signal CK (CK ) which are inputted into a D type flip-flop 
have a relation as shown in drawing 10 (b). Therefore, the output DFF of a phase-comparison part changes 
with frequency fVCO of VCO, and frequency fCK of clock signal CK as follows. 

[003 1](1) In;DFF, fVCO is a pulse of frequency (fCK-fVCO), when smaller than fCK. QDFF is the pulse of 
frequency (fCK-fV CO) which the phase followed 90 degrees rather than DFF. 

(2) In;DFF, fVCO is a pulse of frequency (fVCO-fCK), when larger than fCK. QDFF is the pulse of frequency 
(fVCO-fCK) which was behind [ DFF ] in the phase 90 degrees. 

(3) When fV CO and fCK are equal and the phase is behind D in the direction of VCO; as for DFF, QDFF is 
"L" to "H" level. It is set to a level. 

(4) When fV CO and fCK are equal and the phase is behind VCO in the direction of D; as for DFF, QDFF is 
"L" to "L" level. It is set to a level. 

[0032]Therefore, a D type flip-flop is used as the phase-comparison parts 10 and 40 of the phase frequency 
comparator circuit shown in drawing 1 , Instead of output PD [ of the phase-comparison parts 10 and 40 ], PD , 
QPD, and QPD , this phase frequency comparison part operates like the case where the composition shown in 
drawing 1 is already explained, by using output [ of a D type flip-flop ] DFF, DFF , QDFF, and QDFF . 
However, in this composition, clock signal CK for supplying a D type flip-flop is needed. 
[0033]Hereafter, although this invention is concretely explained with reference to an example, the following 
indications are only one example of this invention, and do not limit the technical scope of this invention at all. 
[0034] 

[Example] Drawing 6 is a figure showing the more concrete example of composition of the phase-comparison 
part shown in drawing 2 . 

[0035] 1 pair each of FETQ1 1-Q12 and Q21-Q22 from which each input edge of this circuit receives output 
VCO with a complementary voltage controlled oscillator, and VCO in a gate, respectively as shown in the 
figure, It has 1 pair of FETQ3 1-Q32 which receives data signal D and D in a gate. 

[0036]To FET pair Ql 1-Q12 and Q21-Q22. FETQ15, FETQ14 to which the current path containing Q25 was 
connected at the gate, FETQ13 by which the current path to which Q24 contains FETQ16 and Q26 in a 
FETQ1 1 and Q21 side was connected to the gate, and Q23 are connected to the FETQ12 and Q22 side, 
respectively. 
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[0037]The gate of FETQ18 and Q28 is connected to the current path in which the gate of FETQ17 and Q27 
contains FETQ16 and Q26 in the current path containing FETQ15 and Q25, respectively. The end of FETQ17 
and Q27 to the gate of FETQ33. The end of FETQ18 and Q18 is connected to the gate of FETQ34, 
respectively, and the outgoing end of this circuit is constituted by FETQ33, Q34, and the level shift diode 
group. The gate of FETQ19 and the gate of Q29 are connected mutually. 

[0038]Only data signal D is impressed also to the gate of FETQ20 and Q30 as a control signal of a 
multiplexer. FET pair Q19-Q20 and Q3 1-Q32 and Q29-Q30 and FETQ15, Q16, Q25, Q26, Q33, and Q34 are 
individually provided with the current source constituted by FETQ35 - Q43, respectively. 
[0039]In the circuit constituted as mentioned above^ if either of the FETQ1 1-Q21 and Q12-Q22 flows by 
voltage controlled oscillator output VCO and VCO , according to it, either of the FETQ16-Q26 and Q15-Q25 
will flow. If either of the FETQ16-Q26 and Q15-Q25 flows, Q14-Q17-Q24-Q27either one of FETQ13-Q18- 
Q23-Q28 or will flow. Here Each FET pair Q13-Q14 and Q17-Q18, Since it becomes effective alternatively 
according to data signal D and D , Q21-Q22 and FET pair Ql 1-Q12 and Q23-Q24 and Q27-Q28 flow through 
FETQ33 and Q34 alternatively. That is, voltage controlled oscillator output VCO and VCO is latched by data 
signal D and D , and is further outputted according to data signal D and D . Therefore, a complementary 
phase-comparison output is obtained by output PD and PD . 

[0040]Drawing 1 1 is a figure showing the concrete example of composition of the phase-comparison part at 
the time of using the D type flip-flop shown in drawing 10. 

[0041] As shown in the figure, this circuit serves as 2 stage constitution of the circuit A of the same 
composition, and the circuit B mutually. 

The input of the circuit A receives voltage controlled oscillator output VCO and VCO , and the input of the 
circuit B has undergone the output of the circuit A, respectively. 

The input edge of circuit A (B) is constituted by 1 pair of FETQ1 1-Q12 (Q21-Q22) which receives an input 
signal in a gate, and 1 pair each of FETQ19-Q20 (Q29-Q30) which receives clock signal CK and CK in a 
gate. FET pair Q19-Q20 (Q29-Q30) and FETQ15, and Q16 (Q25, Q26) are provided with the current source 
constituted by FETQ35 - Q37 (Q39-Q41), respectively. 

[0042]The gate of FETQ13 (Q23) is connected to the current path in which the gate of FETQ14 (Q24) contains 
FETQ16 (Q26) in the current path containing FETQ15 (Q25), respectively. The end of FETQ14 (Q24) is 
connected to the end of FETQ1 1 (Q21), and the FETQ13 (Q13) end is connected to the end of FETQ12 (Q22), 
respectively. Therefore, since FETQ16 (Q26) will flow and it will flow also through FETQ13 (Q13) at this 
time if FETQ1 1 (Q21) flows, for example, a complementary output occurs in the outgoing end of circuit A 
(B). The outgoing end of this circuit A (B) is connected to the end of FETQ15 (Q25) and Q16 (Q26) via the 
diode group. 

[0043]The circuit constituted as mentioned above is a typical D type flip-flop. 
The function is as having already explained with reference to drawing 10. 
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Therefore, it can be used in the circuit concerning this invention, being able to replace with the phase- 
comparison part shown in drawing 6 . 

[0044] Drawing 7 is a figure showing the example of the converter 30 in the circuit shown in drawing 1 . 
[0045]As shown also in drawing 3, this circuit comprises a NAND gate which takes NAND of one pair of 
latch circuitry which latches the output QPD of the phase- comparison part 40, and QPD , and each latch's 
output and PD and PD by output PD of the phase-comparison part 10, and PD . Therefore, except for having 
received output PD of the phase-comparison part 10, and PD instead of data signal D and D as^ compared 
with drawing 6, and having received the output QPD of the phase-comparison part 40, and QPD instead of 
voltage controlled oscillator output VCO and VCO , the composition of latch circuitry is common. On the 
other hand, in the portion relevant to two pairs of FETQ5 1-Q52 and Q53-Q54 and outgoing ends equivalent to 
the NAND circuit of drawing 3 , this circuit has original composition. 

[0046]That is, each FET pair Q51-Q52 and Q53-Q54 receives the outpu^of each latch circuitry in a gate, and it 
is constituted so that output PD of the phase-comparison part 10 and PD may validate selectively. Therefore, 
from the output of FET pair Q51-Q52 and Q53-Q54, the complementary transform signal TR and TR are 
outputted mutually. 

[0047] Drawing 8 is a figure in which making it put each other and showing the concrete example of 
composition of a part. 

[0048]The three differential amplifiers 21, 22, and 23 with which this circuit was respectively constituted by 
one pair of FETQ61 - Q66 as shown in the figure, It comprises the current source part 81 constituted by 
FETQ67 - Q69, respectively combining one pair of unit superposition parts X and Y which each comprised. 
[0049]One output of the differential amplifier 22 is combined with the output of one way each of the 
differential amplifiers 21 and 23 in each unit superposition parts X and Y. 

The output of another side of each differential amplifiers 21, 22, and 23 is also combined mutually. 
Each differential amplifiers 21, 22, and 23 are connected to the current source 81 by FETQ67 - Q69, 
respectively, each — it is such — composition - having - a unit ~ superposition - a part — X - Y - mutual — 

an output ~ joining together — having ~ while — further — resistance ~ R ~ ' — R zero ' — a diode 

group — D zero ' — and — FETQ zero ' — constituting — having had — a reference voltage 

generating part — G ~ common ~ connecting — having 

[0050]It was constituted as mentioned above, and piles up and output signal PD of the phase-comparison part 
10 and PD are impressed to each gate of FETQ64 and Q63 which is one pair of inputs of the differential 
amplifier 22 in the unit superposition part X in a part. Output TR+ of the converter 30 and TR+ are impressed 
to the gate of FETQ61 of the differential amplifier 21, and the gate of FETQ66 of the differential amplifier 23, 
respectively. The reference voltage which the reference voltage generating part G generates is impressed to the 
gate of FETQ62 of the differential amplifier 21, and FETQ65 of the differential amplifier 23. 
[005 l]On the other hand, in the unit superposition part Y, output signal PD of the phase-comparison part 10 
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and PD are impressed to each gate of FETQ64 and Q63 which is one pair of inputs of the differential 
amplifier 22. Output TR - of the converter 60 and TR - are impressed to the gate of FETQ61 of the 
differential amplifier 21, and the gate of FETQ66 of the differential amplifier 23, respectively. The reference 
voltage which the reference voltage generating part G generates is impressed to the gate of FETQ62 of the 
differential amplifier 21, and FETQ65 of the differential amplifier 23. 

[0052]In the circuit constituted as mentioned above, that to which the sum of signal PD, PD and signal TR+, 

*fc 

and TR+ and the sum of signal PD, PD and signal TR - , and TR - were added further is outputted as the 
signal Q and Q . 

[0053]In the reference voltage generating part G of the circuit shown in drawing 7 and drawing 8 , as shown in 
a figure, When gate width of DO and FET is made into Q0 for R0, Rl, and the anode width of a diode, the 
resistance of resistance, Stable reference voltage can be generated to a temperature change and line voltage 
variation with easy composition Q0' and by producing so that DO' and R0' may satisfy the following formula 1 
and the formula 2, respectively. 
[0054] 
[Formula 1] 

Q0'=nQ0, D0'=nD0, Rl'=(l/ri) Rl[0055] 
[Formula 2] R0'-I0'=R0-I0+R0Il/2 [0056] 

[Effect of the Invention] As explained above, the phase frequency comparator circuit by this invention does not 
need to provide separately the circuit which extracts a clock component from a data signal to the phase-locked 
loop for clock data circuits. A charge pump circuit is not needed between loop filters. Therefore, in the 
GaAsMESFET integrated circuit which cannot constitute especially a charge pump easily, it can be used 
advantageously. 

[0057]In the phase frequency comparator concerning this invention, since no high frequency component which 
originates in a beat signal etc. in the frequency level-luffing-motion process from an asynchronous time is 
outputted, there is no possibility that malfunction of the phase shift synchronous loop resulting from the high 
frequency component of an output signal may arise. For this reason, it is effective in the design of the phase- 
locked loop linked to this phase frequency comparator circuit becoming easy. 

TECHNICAL FIELD 

[Industrial ApplicationJThis invention relates to a phase frequency comparator circuit. This 
invention relates to the composition of the new phase frequency comparator circuit which can be 
formed as a GaAsMESFET integrated circuit more at details. 

PRIOR ART 
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[Description of the Prior Artj Drawing 9 is a figure showing the typical composition of the 
conventional phase frequency comparator circuit. 

[0003] As shown in the figure, this phase frequency comparator circuit is constituted by three J-K 
flips-flop 91, 92, and 93. 

J terminal input. "OR" They are a Q2 terminal and a Q3 terminal by the standup of the taken 
pulse. " 1 " It carries out and they are a Qi terminal and a Q 2 terminal at OR of K terminal 
input. "0" It has composition to carry out. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, the phase frequency comparator circuit by this 
invention does not need to provide separately the circuit which extracts a clock component from 
a data signal to the phase-locked loop for clock data circuits. A charge pump circuit is not needed 
between loop filters. Therefore, in the GaAsMESFET integrated circuit which cannot constitute 
especially a charge pump easily, it can be used advantageously. 

[0057]In the phase frequency comparator concerning this invention, since no high frequency 
component which originates in a beat signal etc. in the frequency level-luffing-motion process 
from an asynchronous time is outputted, there is no possibility that malfunction of the phase shift 
synchronous loop resulting from the high frequency component of an output signal may arise. 
For this reason, it is effective in the design of the phase-locked loop linked to this phase 
frequency comparator circuit becoming easy. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention]When the above conventional phase frequency 
comparator circuits are used, in order to constitute a clock data reproduction circuit, for example, 
the circuit which extracts a clock component from an NRZ-data sequence is needed. It is 
necessary to input a phase frequency comparison output into a loop filter via a charge pump 
circuit. However, it is known that it is difficult to constitute a charge pump circuit from an 
integrated circuit by GaAsMESFET which has expanded use in recent years. 
[0005]Then, this invention solves the problem of the above-mentioned conventional technology, 
and sets it as the purpose to provide the new phase frequency comparator circuit which can be 
effectively used also in the integrated circuit by GaAsMESFET. 



MEANS 



[Means for Solving the Problem]The 1st phase-comparison part that will receive a data signal on 
the basis of a predetermined reference signal and a predetermined clock signal of frequency 
which a voltage controlled oscillator generates if this invention is followed, A phase converter 
which shifts a phase of this reference signal 90 degrees, and the 2nd phase-comparison part that 
receives an output and this data signal of this phase converter, this — with one pair of converters 
of a non-inverter and an opposite phase which change a phase-comparison output of the 1st and 
2nd phase-comparison parts into a frequency comparison output. A phase frequency comparator 
circuit provided with a superposition part which outputs those sums in response to a phase- 
comparison output of this phase-comparison part and a frequency comparison output of this 1 
pair converter is provided. 
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OPERATION 



[FunctionJThe phase frequency comparator circuit concerning this invention has the main 
features in being easy to use and being especially, constituted in a GaAsMESFET integrated 
circuit, and that there are few high frequency components contained in the output. 
[0008] Drawing 1 is a figure showing the fundamental composition of the phase frequency 
comparator circuit concerning this invention. 

[0009]it is shown in the figure ~ as — this circuit — the 1st phase-comparison part 10 — pile up — 
it mainly comprises the converters 30 and 60 of 20 or 1 pair of part, the 2nd phase-comparison 
part 40, and the 90-degree phase converter 50. VCO and VCO inputted into this circuit in a 
figure expresses the complementary output of a voltage controlled oscillator, and D and D 
expresses the complementary input data signal. While carrying out phase simulation, frequency 
fvco[ of vco and vco ] and reference clock frequency fo of a data signal are in agreement. 
[0010]The phase-comparison part 10 receives voltage controlled oscillator output VCO, VCO 
(frequency fvco) and data signal D, and D (data rate fo) as it is. The phase-comparison part 40 
receives VCO and VCO to which the phase shift was shifted 90 degrees by the phase converter 
50 with data signal D and D . Here, when frequency fvco and frequency fo are not in agreement, 
the phase-comparison parts 10 and 40 generate the beat signal of frequency |fvco-fD|. When both 
are in agreement, the output corresponding to a phase shift occurs. 

[001 l]Drawing_2Js a figure for explaining the example of composition of a circuit and operation 
which can be used as the phase-comparison part 10 or 40 in the circuit shown in drawing 1 . The 
numerals as used in the following explanation by which the numerals enclosed in the parenthesis 
are not surrounded in the signal in the phase-comparison part 40 mean the signal in the phase- 
comparison part 10, respectively. 

[00 12] As shown in drawing 2 (a), one pair of latches 1 1 and 12 and the multiplexer 13 can 
constitute this phase-comparison part. Voltage controlled oscillator output VCO and VCO 
(VC0 9 o, VCO90 ) is connected to the latches' 1 1 and 12 input, and data signal D and D is 
inputted into the latches' 1 1 and 12 control terminal. Here, data signal D is inputted also into the 
control terminal of the multiplexer 13. Both each latches' 1 1 and 12 outputs are connected to the 
input of the multiplexer 13, and the output of this multiplexer 13 becomes phase-comparison 
output PD and PD* (QPD, QPD*). 

[00 13] VCO (VCO ) and D (D ) which are inputted into the phase-comparison part constituted as 
mentioned above have a relation as shown in drawing 2 (b). Therefore, the output of a phase- 
comparison part changes as follows according to the relation between VCO frequency fvco and 
frequency f D of D. 

[0014](1) When f V co is smaller than f D D is a pulse of frequency (fo-fvco). ;P QPD is the pulse 
of frequency (fo-fvco) which the phase followed 90 degrees rather than PD. 

(2) When f V co is larger than f D D is a pulse of frequency (fvco-fo). ;P QPD is the pulse of 
frequency (fvco-fo) which was behind [ PD ] in the phase 90 degrees. 

(3) When fvco and fo are equal and the phase is behind D in the direction of VCO To "H" level, 
as for D, QPD is "H". It is set to a level. ;P 

(4) When f V co and fo are equal and the phase is behind VCO in the direction of D To an "L" 
level, as for D, QPD is "H". It is set to a level. ;P 

[0015]Drawmg 3 is a figure for explaining the basic constitution of a circuit and operation which 
can be used as the converter 30 or 60 in the circuit shown in drawing 1 . 
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This figure shows the thing equivalent to the converter 30. 

[0016]As shown in the figure, one pair of latches 31 and 32 and one pair of NANDs 33 and 34 
can constitute a converter. Here, PD and PD , QPD, and QPD is inputted. [ which are the 
outputs of the phase-comparison parts 10 and 40 at each latches' 31 and 32 input ] PD or PD 
which is an output of the phase-comparison part 10 is inputted into each latches' 3 1 and 32 
control terminal. The latch's 31 output is inputted into NAND33 with PD . The latch's 32 output 
is inputted into NAND34 with PD. The output of NANDs 33 and 34 becomes output TR+ of this 
converter, and TR+ . 

[00 17] Although the converter 60 has the same composition fundamentally, it outputs TR_ and 
TR_ in response to each signal of PD, PD , QPD, and QPD . 

[0018]The output of the converters 30 and 60 constituted as mentioned above changes as follows 
according to the relation between frequency fvco of voltage controlled oscillator output VCO, 
and frequency fo of data signal D. 

[0019](1) fvco is the pulse which synchronized with PD , respectively, when smaller than f D , 
and;TR+ are [ PD and TR_ ] TR+ and TR_ , and "H". It is set to a level. 

(2) In PD , fvco of;TR+ is the pulse to which TR_ synchronized with PD, respectively, when 
larger than fo. 

TR+ and TR_ . "H" It is set to a level. 

(3) ;(when fvco = fo is approached from state of fvco < fo) TR+ when f V co and fo are equal and the 
phase is behind D in the direction of VCO, Both TR+ and TR_ are. "H" It is set to a level and 
TR.is set to "L" level. 

(4) ;(when fvco = fo is approached from state of fvco > fo) TR+ when f V co and fo are equal and the 
phase is behind VCO in the direction of D, Both TR+ and TR_ are. "H" It is set to a level and TR 
_ is set to "L" level. 

|~0020~| Drawing 4 is a figure for explaining the composition and operation of a circuit which 
make repeat mutually in the circuit shown in drawing 1 , and can be used as the part 20. 
[002 1 ] As shown in the figure, this circuit is constituted combining one pair of unit superposition 
parts X and Y constituted by the three differential amplifiers 21, 22, and 23 which have one pair 
of complementary inputs and outputs respectively. That is, in each unit superposition parts X and 
Y, the inversion input of the differential amplifiers 21 and 23 has received predetermined 
reference voltage V re f in common. The noninverting input of the differential amplifiers 21 and 23 
has received output TR+ of the converter 30, TR+ or output TR _ of the converter 60, and TR _ . 
The input of the differential amplifier 22 has received complementary output PD of the phase- 
comparison part 10, and PD. On the other hand, after the inverted output of the differential 
amplifier 22 is added with the inverted output of the differential amplifier 21, it is added with the 
noninverting output of the differential amplifier 23. After the noninverting output of the 
differential amplifier 22 is added with the inverted output of the differential amplifier 23, it is 
added with the noninverting output of the differential amplifier 21 . The output of such unit 
superposition parts X and Y is added still more nearly mutually, and is outputted as the output Q 
of this superposition part, and Q . Actually, DC-bias-voltage V 0 is further added to each output Q 
and Q , and is outputted to them. 

[0022]It was constituted as mentioned above, and piles up and the output Q of a part and Q 
change with the relation between frequency fvco and frequency fo. Drawing 5 is a figure 
showing the output Q of this circuit and Q which change with the relation between frequency 
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fvco and frequency fo. 

[0023]The output level of each amplifiers 21, 22, and 23 in each state is shown in Table 1. 

[0024] 

[Table 1] 





"H" V^)V 


"L" VOV 


mmmu 23 


V,, 
2V 0f 


- v,, 

-2V„ 



[0025]When smaller than f D (shown in drawing 5 (a)). f VC o (1) ;Q=V 0 -V o f, Q*=V 0 +V of (2) 
fvco;Q=V 0 +V o f when larger than f D (shown in drawing 5 (a)). When Q =V 0 - [ V 0 f] (3) fvco and fD are 

equal and the phase is behind D in the direction of VCO; (when fVCO=fD is approached from the state of fVCO<fD) Q=V0-Vof shown in 
drawing 5 (c), and Q =V0+Vof (4) fVCO and fD are equal, ;(when fVCO=iD is approached from state of fVCO>fD, shown in drawing 5 (d)) 
Q=V0+Vof, and Q =V0-Vof when the phase is behind VCO in the direction of D [0026] The phase frequency comparator circuit concerning this 
invention constituted as mentioned above can generate the control signal for performing phase simulation control whose phase and frequency of a 
voltage controlled oscillator correspond by adding a loop filter immediately after that. 

[0027] An expected function can be realized in this method, without adding the circuit for extracting a clock component from a data signal, a 
charge pump circuit, etc. Therefore, constituting a charge pump circuit can use it also in a difficult GaAsMESFET integrated circuit. 
[002 8] In the composition of this phase frequency comparator, no high frequency component which originates in a beat signal etc. in the 
frequency level-luffing-motion process from an asynchronous time is outputted so that drawing 5 may also show. Therefore, there is no 
possibility that malfunction of the phase shift synchronous loop resulting from the high frequency component of an output signal may arise. As 
shown in drawin g 5 ( c), this phase frequency comparator circuit has an ideal output wave, and the design of the phase-locked loop linked to this 
is easy. 

[0029] If one mode of this invention is followed, in the phase frequency comparator circuit shown in draw|ng_l, a D type flip-flop can also 
constitute the phase-comparison parts 10 and 40. Drawing 10 is a figure for explaining the function of the phase-comparison part constituted 
using a D type flip-flop. 

[0030] As shown in drawing 10 (a), to a D type flip-flop, output VCO of a voltage controlled oscillator and VCO are inputted into data input, and 
the reference clock signal of data is inputted into the control input of a D type flip-flop. Here, VCO (VCO ) and clock signal CK (CK ) which 
are inputted into a D type flip-flop have a relation as shown in drawing 10 (b). Therefore, the output DFF of a phase-comparison part changes 
with frequency fVCO of VCO, and frequency fCK of clock signal CK as follows. 

[003 1](1) In;DFF, fVCO is a pulse of frequency (fCK-fVCO), when smaller than fCK. QDFF is the pulse of frequency (fCK-fVCO) which the 
phase followed 90 degrees rather than DFF. 

(2) In;DFF, fVCO is a pulse of frequency (fVCO-fCK), when larger than fCK. QDFF is the pulse of frequency (fVCO-fCK) which was behind [ 
DFF ] in the phase 90 degrees. 

(3) When fVCO and fCK are equal and the phase is behind D in the direction of VCO; as for DFF, QDFF is "L" to "H" level. It is set to a level. 

(4) When fVCO and fCK are equal and the phase is behind VCO in the direction of D; as for DFF, QDFF is "L" to "L" level. It is set to a level. 
[003 2] Therefore, a D type flip-flop is used as the phase-comparison parts 10 and 40 of the phase frequency comparator circuit shown in drawing 
1, Instead of output PD [ of the phase-comparison parts 10 and 40 ], PD , QPD, and QPD , this phase frequency comparison part operates like 
the case where the composition shown in drawing 1 is already explained, by using output [ of a D type flip-flop ] DFF, DFF , QDFF, and 
QDFF . However, in this composition, clock signal CK for supplying a D type flip-flop is needed. 

[003 3] Hereafter, although this invention is concretely explained with reference to an example, the following indications are only one example of 
this invention, and do not limit the technical scope of this invention at all. 

EXAMPLE 
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[Example] Drawing 6 is a figure showing the more concrete example of composition of the 
phase-comparison part shown in drawing 2 . 

[0035] 1 pair each of FETQn-Qi 2 and Q21-Q22 from which each input edge of this circuit receives 
output VCO with a complementary voltage controlled oscillator, and VCO in a gate, 
respectively as shown in the figure, It has 1 pair of FETQ31-Q32 which receives data signal D and 
D in a gate. 

[0036]To FET pair Q11-Q12 and Q21-Q22. FETQ15, FETQ14 to which the current path containing 
Q25 was connected at the gate, FETQ13 by which the current path to which Q 2 4 contains FETQi 6 
and Q26 in a FETQn and Q21 side was connected to the gate, and Q23 are connected to the 
FETQ12 and Q22 side, respectively. 

[0037]The gate of FETQig and Q28 is connected to the current path in which the gate of FETQn 
and Q27 contains FETQi 6 and Q26 in the current path containing FETQ15 and Q25, respectively. 
The end of FETQn and Q27 to the gate of FETQ33. The end of FETQi 8 and Qis is connected to 
the gate of FETQ34, respectively, and the outgoing end of this circuit is constituted by FETQ33, 
Q34, and the level shift diode group. The gate of FETQ19 and the gate of Q29 are connected 
mutually. 

[0038]Only data signal D is impressed also to the gate of FETQ20 and Q30 as a control signal of a 
multiplexer. FET pair Q19-Q20 and Q31-Q32 and Q29-Q30 and FETQ15, Qi6, Q25, Q26, Q33, and Q34 
are individually provided with the current source constituted by FETQ35 - Q 43 , respectively. 
[0039]In the circuit constituted as mentioned above, if either of the FETQ11-Q21 and Q12-Q22 
flows by voltage controlled oscillator output VCO and VCO , according to it, either of the 
FETQ16-Q26 and Q15-Q25 will flow. If either of the FETQ16-Q26 and Q15-Q25 flows, Q14-Q17-Q24- 
Q27eitheroneofFETQi3-Qi8-Q23-Q28orwill flow. Here Each FET pair Q13-Q14 and Qn-Qis, Since it 
becomes effective alternatively according to data signal D and D , Q21-Q22 and FET pair Q11-Q12 
and Q23-Q24 and Q27-Q28 flow through FETQ33 and Q34 alternatively. That is, voltage controlled 
oscillator output VCO and VCO is latched by data signal D and D , and is further outputted 
according to data signal D and D . Therefore, a complementary phase-comparison output is 
obtained by output PD and PD . 

[0040]Drawing 1 1 is a figure showing the concrete example of composition of the phase- 
comparison part at the time of using the D type flip-flop shown in drawing 10. 
[0041] As shown in the figure, this circuit serves as 2 stage constitution of the circuit A of the 
same composition, and the circuit B mutually. 

The input of the circuit A receives voltage controlled oscillator output VCO and VCO , and the 
input of the circuit B has undergone the output of the circuit A, respectively. 
The input edge of circuit A (B) is constituted by 1 pair of FETQn-Qi 2 (Q21-Q22) which receives 
an input signal in a gate, and 1 pair each of FETQ19-Q20 (Q29-Q30) which receives clock signal 
CK and CK in a gate. FET pair Q19-Q20 (Q29-Q30) and FETQ15, and Qi 6 (Q25, Q26) are provided 
with the current source constituted by FETQ35 - Q 37 (Q39-Q41X respectively. 
[0042]The gate of FETQ13 (Q23) is connected to the current path in which the gate of FETQ14 
(Q24) contains FETQi 6 (Q26) in the current path containing FETQ15 (Q25), respectively. The end 
of FETQ14 (Q24) is connected to the end of FETQn (Q21X and the FETQ13 (Q13) end is connected 
to the end of FETQ12 (Q22), respectively. Therefore, since FETQi 6 (Q26) will flow and it will 
flow also through FETQ13 (Q13) at this time if FETQn (Q21) flows, for example, a 
complementary output occurs in the outgoing end of circuit A (B). The outgoing end of this 
circuit A (B) is connected to the end of FETQ15 (Q25) and Qi 6 (Q26) via the diode group. 
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[0043 ]The circuit constituted as mentioned above is a typical D type flip-flop. 

The function is as having already explained with reference to drawing 10. 

Therefore, it can be used in the circuit concerning this invention, being able to replace with the 

phase-comparison part shown in drawing 6 . 

[0044]Drawing 7 is a figure showing the example of the converter 30 in the circuit shown in 

drawing 1 . 

[0045] As shown also in drawing 3 , this circuit comprises a NAND gate which takes NAND of 
one pair of latch circuitry which latches the output QPD of the phase-comparison part 40, and 
QPD , and each latch's output and PD and PD by output PD of the phase-comparison part 10, 
and PD . Therefore, except for having received output PD of the phase-comparison part 10, and 

PD instead of data signal D and D as compared with drawing 6 , and having received the output 

* 

QPD of the phase-comparison part 40, and QPD instead of voltage controlled oscillator output 
VCO and VCO , the composition of latch circuitry is common. On the other hand, in the portion 
relevant to two pairs of FETQ51-Q52 and Q53-Q54 and outgoing ends equivalent to the NAND 
circuit of drawing 3 , this circuit has original composition. 

[0046]That is, each FET pair Q51-Q52 and Q53-Q54 receives the output of each latch circuitry in a 
gate, and it is constituted so that output PD of the phase-comparison part 10 and PD may 
validate selectively. Therefore, from the output of FET pair Q51-Q52 and Q53-Q54, the 
complementary transform signal TR and TR are outputted mutually. 

[0047] Drawing 8 is a figure in which making it put each other and showing the concrete example 
of composition of a part. 

[0048]The three differential amplifiers 21, 22, and 23 with which this circuit was respectively 
constituted by one pair of FETQ 6 i - Qee as shown in the figure, It comprises the current source 
part 81 constituted by FETQ 6 7 - Qe9, respectively combining one pair of unit superposition parts 
X and Y which each comprised. 

[0049]One output of the differential amplifier 22 is combined with the output of one way each of 

the differential amplifiers 21 and 23 in each unit superposition parts X and Y. 

The output of another side of each differential amplifiers 21, 22, and 23 is also combined 

mutually. 

Each differential amplifiers 21, 22, and 23 are connected to the current source 81 by FETQ 67 - 
Q69, respectively, each — it is such ~ composition ~ having ~ a unit — superposition — a part — 
X ~ Y — mutual — an output — joining together — having — while — further — resistance -- R — ' 
— R ~ __ Z ero - — ' — a diode group — D — __ zero - — ' — and — FETQ ~ __ zero - — ' — constituting — 
having had ~ a reference voltage generating part — G — common — connecting — having --**** 

• 

[0050]It was constituted as mentioned above, and piles up and output signal PD of the phase- 
comparison part 10 and PD are impressed to each gate of FETQ64 and Q63 which is one pair of 
inputs of the differential amplifier 22 in the unit superposition part X in a part. Output TR+ of the 
converter 30 and TR+ are impressed to the gate of FETQ61 of the differential amplifier 21, and 
the gate of FETQ 6 6 of the differential amplifier 23, respectively. The reference voltage which the 
reference voltage generating part G generates is impressed to the gate of FETQ62 of the 
differential amplifier 21, and FETQ 6 s of the differential amplifier 23. 
[005 l]On the other hand, in the unit superposition part Y, output signal PD of the phase- 
comparison part 10 and PD are impressed to each gate of FETQ 6 4 and which is one pair of 
inputs of the differential amplifier 22. Output TR_ of the converter 60 and TR_ are impressed to 
the gate of FETQ 6 i of the differential amplifier 21, and the gate of FETQ 6 6 of the differential 
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amplifier 23, respectively. The reference voltage which the reference voltage generating part G 
generates is impressed to the gate of FETQ 6 2 of the differential amplifier 21, and FETQ 6 s of the 
differential amplifier 23. 

[0052]In the circuit constituted as mentioned above, that to which the sum of signal PD, PD and 
signal TR+, and TR+ and the sum of signal PD, PD and signal TR _ , and TR _ were added 
further is outputted as the signal Q and Q . 

[0053]In the reference voltage generating part G of the circuit shown in drawing 7 and drawing 
8, as shown in a figure, When gate width of D 0 and FET is made into Qo for Ro, Ri, and the 
anode width of a diode, the resistance of resistance, Stable reference voltage can be generated to 
a temperature change and line voltage variation with easy composition Qo' and by producing so 
that D 0 ' and Ro' may satisfy the following formula 1 and the formula 2, respectively. 
[0054] 
[Formula 1] 

Qo'=nQ 0 , D 0 '=nD 0 , Ri'=(l/n) Ri[0055] 
[Formula 2] Ro'-I 0 -Ro-Io+RoIi/2 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dra wing 1 ] It is a figure showing the fundamental composition of the phase frequency 
comparator circuit concerning this invention. 

[Drawing 2] It is a figure for explaining the example of composition of a circuit and operation 
which can be used as the phase-comparison part 10 or 40 in the circuit shown in drawing 1 . 
[Drawing 3] It is a figure for explaining the composition and operation of a circuit which can be 
used as the converter 30 in the circuit shown in drawing 1 . 

[ Drawing 4 ]It is a figure for explaining the composition and operation of a circuit which make 
repeat mutually in the circuit shown in drawing 1 , and can be used as the part 20. 
[Drawing 5] It is a figure showing the output signal of the phase frequency comparator circuit 
shown in drawing 1 . 

— lu^ 

m rawing 6]It is a figure showing the concrete example of composition of the circuit which can 
be used as a phase-comparison part. 

[Drawing 7]It is a figure showing the concrete example of composition of the circuit which can 
be used as a converter. 

[Drawing 8 "l it is a figure showing the concrete example of composition of the circuit which can 
be used noting that it piles up. 

[Drawing 9] It is a figure showing the typical composition of the conventional phase frequency 
comparator circuit. 

[Drawing 10] It is a figure for explaining the function of the phase-comparison part constituted 
using a D type flip-flop. 

[Drawing 1 1 j It is a figure showing the concrete example of composition of the phase- 
comparison part shown in drawing 10. 
[Description of Notations] 
10, 40 ... Phase-comparison part, 
20 ... Superposition part, 
30, 60 ... Converter, 
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50 ... Phase converter, 

21, 22, 23 ... Differential amplifier 



[Translation done.] 



Page 16 of 16 



